In the past decade, researches for variation of the PIFA and multiband antenna grow rapidly like mushroom. Tri-band, quad-band, penta-band or hexa-band antenna can be found in many journals (Chiu & Lin, 2002; Guo et al., 2003 Guo et al., , 2004 Ciais et al., 2004; Bancroft, 2005; Ali & Hayes, 2000; Soras et al., 2002; Nepa et al., 2005; Wong et al., 2005; Liu & Gaucher, 2004 Wang et al., 2007) . For example, Chiu presented a tri-band PIFA for GSM800/DCS1800/PCS1900 in 2002 (Chiu & Lin, 2002) . Using two folded arms between the two plates, Guo at el. proposed a compact internal quad-band for covering GSM900/DCS1800/PCS1900 and ISM2450 bands (Guo, et al., 2003) . By adding three quarter-wavelength parasitic elements to create new resonances, Ciais et al. presented a design of a compact quad-band PIFA for mobile phones (Ciais et al., 2004) . In 2004, Guo & Tan proposed a new compact six-band but complicated internal antenna. His antenna is comprised of a main plate, a ground plane, a parasitic plate and a folded stub perpendicular to the two main plates (Guo & Tan, 2004) .
In order to integrate all the wireless services into a mobile terminal and have an effective usage of the precious board space in the mobile device, multiband antenna that is designed to operate on several bands is necessary. However, designing a multiband antenna in a narrow space is a great challenge; a method that decrease the complexity of the antenna structure is also necessary to be investigated. Guo et. al. have recently designed quad-band antennas for mobile phones (Chiu & Lin, 2002; Nashaat et al., 2005; Karkkainen, 2005) and dual-band antennas for WLAN operations (Su & Chou, 2008) . However, few of these antennas simultaneously cover the following communication standards: GSM (880-960 MHz), DCS (1710-1880 MHz), PCS (1850 -1990 , UMTS2100 (1920 -2170 , WLAN + Bluetooth (2400-2480 MHz), WiMAX (2500-2690 MHz), HiperLAN/2 in Europe (5150-5350 / 5470-5725 MHz) and IEEE 802.11a in the U.S. (5150-5350 / 5725-5825 MHz) (Liu & Gaucher, 2004 Wang et al., 2007; Rao & Geyi, 2009; Nguyen et al., 2009; Anguera et al., 2010; Kumar et al., 2010; Hsieh et al., 2009; Yu & Tarng, 2009; Hong et at., 2008; Guo et al., 2004; Li et al., 2010) . This chapter proposes a planar multiband antenna that comprises a dual-band inverted-F resonator and two parasitic elements to cover all the communication standards mentioned above. One element is devoted to generating a dipole m o d e a n d a no t h e r i s h e l p f u l t o e x c i t e a l o o p m o d e s o a s t o b r o a d e n t h e i m p e da n c e 5 bandwidth. This hepta-band antenna is designed for a mobile device and the parasitic element broadens the impedance bandwidth to about 45.5%. This antenna is extended to simultaneously operate in WLAN, WiMAX, and WWAN systems. It covers all cellular bands world-wide and all wireless network bands, such as the following communication standards: GSM/DCS/PCS/UMTS/WLAN/WiMAX/HIPERLAN2/IEEE 802.11. The antenna structure that measures only 50 mm x 12 mm x 0.5 mm can be easily fabricated by stamping from a metal plate. The following describes the details of the proposed antenna as well as the experimental results. Modern mobile terminals require small and thin design, therefore, planar inverted-F antenna, which requires a spacing of about 7 mm ~ 12 mm between the antenna and the substrate to achieve the sufficient operating bandwidth, is not suitable to be integrated with the present thin mobile terminals although it is popular and widely used. Fig. 1(a) shows a three dimensional view of the proposed design. The antenna, which is mounted on the top edge of the printed circuit board (PCB), is fed by a 50 Ω coaxial cable. The antenna is coplanar with the system ground of the PCB. The dielectric constant of the PCB used here is 4.4 and the thickness is 1.58 mm. As shown in Fig. 1(b) , this radiating structure measures 50 mm × 12 mm × 1.5 mm and can be extended to a single metallic plate. It is basically an inverted-F antenna in which the quarter-wavelength characteristic is obtained thanks to a short-circuited metallic strip. As indicated in Fig. 1 (b), this design comprises a direct-feed dual band main resonator with two branches (A) and (B), and two parasitic elements (C) and (D) excited by electromagnetic coupling, to achieve multiband operation. Fig. 2 is a typical configuration of an inverted-F antenna. It can be fed by a minicoaxial cable which is connected to the RF module. Here, H is the height of the radiator above the ground plane, L F is the horizontal length from the feed point to the open end of the antenna, and L B is the horizontal length from the feed point to the closed end of the antenna. This antenna is a quarter-wavelength radiator with one short end and one open end. The resonant frequency can be easily calculated by the formula:
Shown in
the where c is the speed of light. The resonant frequency can be adjusted by changing the value L F , and the distance L B between the feed point and shorting strip can be used to adjust the input impedance. The height H of the antenna is closely related to the impedance bandwidth where the Q factor can be reduced by increasing the antenna height to broaden the bandwidth and vice versa. Variations of IFA Antenna height cause some effects on bandwidth. Fig. 3 shows the simulation results with different antenna height H. It is found that increasing the height will increase the impedance bandwidth. 4 shows another kind of inverted-F antenna while the shorting pin is moved to the bottom for size reduction. The mechanism of this alternative is the same as the previous one, but the input impedance is matched by adjusting the length of the shorting strip L S .
The dual band inverted-F antenna can be simply accomplished by creating two resonant paths of the antenna element. As shown in Fig. 5 , the dual-band main resonator consists of two branches (A and B). The length of the longer branch (B) is about 83 mm (9 + 44.5 + 6 + 23.5 mm) which is one-quarter of the wavelength at 900MHz. The lower resonant mode for GSM operation can be excited on this resonator. On the other hand, branch (A) in the middle creates a shorter path of 42 mm, which is about a quarter of wavelength at 1800 MHz. As a result, the resonant mode for DCS operation can be excited. Simulation result of the dual band antenna is shown in Fig. 6 . The input impedance can be adjusted by changing the 
Bandwidth enhanced by a parasitic element
Creating multiple resonant paths of the inverted-F antenna is helpful to generate multiple resonances. However, the coupling between each resonant path makes it difficult to match the antenna at each frequency band. To cover the wide bandwidth from 1900 MHz to 2700 MHz, this work introduces a parasitic resonator C near the main driven resonator. This parasitic element is excited by electromagnetic coupling from the main dual band resonator. Thus, a dipole-like antenna that resonates at 2250 MHz is formed by both the introduced
resonator C, and the main resonators A and B. Fig. 7 shows the surface current distributions on the resonators and the ground plane. Finding show that part of the dual band resonator and the parasitic element form a dipole antenna. From point a, through point b, c, and d, then to point f in Fig. 7 , the total length (39 mm + 3 mm + 9 mm + 19 mm = 70 mm) is closed to 0.5 wavelength at 2250MHz (67 mm). This allows the antenna to generate an additional 0.5-wavelength resonant mode at 2250 MHz to cover the desired operation bands. 
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To demonstrate the effect of the parasitic element covering from 1900 MHz to 2700 MHz, Fig. 8 shows the parameter study of the proposed antennas with different length of the parasitic element. By Investigating the Smith chart shown in Fig. 9 , it is evident that the input impedance is closer to 50 Ω as length L increases, because the longer the parasitic element, the more the loaded capacitance (Chi, 2009) . The narrow gap between the main resonator and the parasitic element C introduces a proper capacitance to compensate for possible inductance contributed from the dual-band main resonator. Increasing capacitance neutralizes the effect due to inductance of the strip. Therefore, the capacitive coupled parasitic element creates a new resonant mode but does not change the original two resonant modes at 900 MHz and 1800 MHz. The length of the parasitic element is selected to be 19 mm to have the return loss better than 6 dB in the band of operation. The achieve bandwidth of the parasitic element is about 34.78 %, covering from 1900 MHz to 2700 MHz, which is enough for WLAN, WMAN, and WWAN operations. Fig. 9 . Parametric study -Smith Chart.
Create resonances at the U-NII band
So far, a hexa-band Inverted-F antenna has been designed, except IEEE 802.11a or HYPERLAN/2. The current research will include the U-NII (Unlicensed National Information Infrastructure) band in this design by a tuning parasitic resonator D, as Fig. 1(b) shows. First, the third harmonics of the resonating frequency in the second band (1.72 GHz) is about 5.20 GHz. This mode which contributes to the U-NII band is also excited. The surface current distribution on the resonator A in Fig. 10(a) demonstrates that the 1.5 wavelength mode generates at the resonating frequency. The vector current distribution is shown in Fig. 11(a) . Second, the loop resonator E in Fig. 1(b) is designed as a onewavelength rectangular loop antenna. The perimeter of the loop antenna (25.5 mm + 1 mm + 25.5 mm + 1 mm) is roughly equal to a wavelength of the resonant frequency 5.59 GHz (53.67 mm). Fig. 10 (b) shows surface current distributions at the resonating frequency 5.59 GHz, The vector current distribution shown in Fig. 11(b) demonstrates that one-wavelength loop mode is excited on the resonator E.
(a) Finally, this work applies another technique to tune the higher order resonances for the U-NII band. The quarter wavelength resonating at 6.0 GHz is only about 12.5 mm. A short resonator D with a length of 10.5 mm, as Fig. 1(b) shows, is introduced to the short-circuited pin of the main resonator to form an inverted L-shape parasitic element. The capacitive coupling between the strip and the chassis increases its electrical length since the radiating strip is only 1 mm above the ground plane. Adding this parasitic element improves resonance performance at the U-NII band.
Results and discussion
This study constructs and tests the proposed antenna based on the design dimensions shown in Fig. 1(b) . The test structure was shown in Fig. 12 and the measurement of scattering parameters was performed by an Agilent E5071B network analyzer. Fig. 13 shows the measured and simulated return loss where the solid red line is the measured result and the dotted blue line is the simulated one. 
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This study performed radiation-pattern and gain measurement in the anechoic chambers of SGS Ltd. Taiwan, as shown in Fig. 14. Fig. 15 shows the measured and simulated radiation patterns at the xy-cut, xz-cut, and yz-cut. The measured radiation patterns show a good match to the simulation results except at 925MHz. In the small antenna measurement, the patterns are easily affected by the feeding RF cable in the GSM band (Chen et al., 2005) . This work finds that the dual-polarization radiation-patterns have very suitable characteristics for portable devices. For the radiation shown in Fig. 14(a) , more energy for E θ is radiated in the lower band as compared to Eφ. The Eφ field has some dips at 900 MHz on the xz-plane or 1800 MHz on the xy-plane. This is probably due to current cancellation on the strips and the ground plane. Findings also show a dipole-like pattern at the frequency 2170 MHz. Radiation patterns shown in Fig. 15(b) confirm this deduction. The radiation pattern of this mode is similar to a small dipole oriented in the y-axis leading to a directional pattern in the E-plane (xy-plane, blue line) and omni-directional pattern in the H-plane (xz-plane, blue line), as Fig. 15(b) , shows respectively. The resonators C and B at 2170 MHz have strong current distributions along the z-direction which also contribute to radiation fields. The radiation pattern of this current distribution is due to a small dipole oriented in the z-axis leading to a bidirectional pattern in the E-plane (xz-plane, red line) and omni-directional pattern in the H-plane (xyplane, red line), as Fig. 15(b) , shows respectively. Findings also show an asymmetric radiation pattern at the U-NII band (5-6 GHz) and some variation and nulls, since different modes are excited in this U-NII band.
www.intechopen.com Table 1 . Measured three-dimensional peak gain, average gain, and radiation efficiency.
By using the commercial electromagnetic simulation software HFSS, this research carries out simulations for the theoretical gains to investigate antenna performance and compare it with the measured results (Chi, 2009) . Good agreement confirms that the measured data are accurate. The two-dimensional average gain is determined from pattern measurements made in the horizontal (azimuth) plane for both polarizations of the electric field. The results are then averaged over azimuth angles and normalized with respect to an ideal isotropic radiator . Finally, Table 1 lists the measured peak gain, twoMeasured E-theta Measured E-phi Simulated E-theta Simulated E-phi dimensional average gain and radiation efficiency for all the operation bands, showing that all radiation efficiencies are over 50 percent, meeting the specification requirement.
Summary
This chapter reported a down-sized multiband inverted-F antenna to integrate the 3.5G and WLAN/WiMAX antenna systems. It is comprised of a dual-band antenna with one feed point and two parasitic elements to cover many mobile communication systems including GSM900 /DCS /PCS /UMTS /WLAN/ WiMAX /HiperLAN2 /IEEE802.11a. Measured parameters including return loss, radiation patterns, three-dimensional peak gain and average gain as well as radiation efficiency were presented to validate the proposed design. Since this antenna can be formed by a single plate, it is both low cost and easy to fabricate, making it suitable for any palm-sized mobile device applications.
